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A method of communication between at least one transmitter and one receiver using carrier- 
interference multiple-access (CIMA) communication signals, the method comprisingthe steps of: 

• providing for the generation of a plurality of electromagnetic carrier signals^ use by at least one 
user, the carrier signals having a plurality of frequencies, / 

• providing a relative phase to the carriers to produce a predefined phase relationship at a 
predetermined time, / 

• providing modulation of the carrier signals by an information^ignal, 

• providing for transmission of the modulated, phased carrier signals into a communications 
channel to produce CIMA transmit signals having carrier-signal components, and 

• providing for reception of the CIMA transmit signals from the channel wherein the carrier-signal 
components are comhitfe3~in^phase to produce at least one constructive-interference pulse that is 
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indicative of the information signal. 
The method of communication recifed in clain/l wherein the carrier signals are incrementally spaced 
in frequency. f 

The method of communication recited iriclaim 1 wherein the step of providing for the generation of a 
plurality of electromagi/etic c^njer^ig^ls includes the generation of a plurality of groups of carriers 
having identical sets of Lariwfrequencie^ each group being assigned to one of a plurality of users, 
and the step of providing a relative phase4> the carriers includes providing a unique relative phase to 
the carriers of each group wherein each^group has a unique time offset in order to generate pulses that 
are received at different time intervals. 

The method of communication recited in claim 1 wherein the step of providing for the generation of a 
plurality of electroma^eticVcarriCT signals includes the generation of a plurality of groups of carriers, 
each group haviriga unique^dnof carrier frequencies and being assigned to at least one user, and the 
step of providing a relative phase to the carriers includes providing a relative phase to each group 
such that a'piurality of users receives pulses in the same time interval but each user uses different 
camerirequencies. 

The^method of communication recited in claim 1 wherein the step of providing for the generation of a 

lity of electromagnetic carrier signals having a plurality of frequencies includes the step of 
providing variations to the carrier frequencies with respect to time wherein the frequency variations 
for each carrier in a group of carriers corresponding to each user are substantially identical, thereby 
causing little or no change to the envelope of tide pulse. 

The method of communication recited in claim 1 wherein the step of providing modulation of the 
carrier signals comprises pulse amplitude modulation being applied to a plurality of the carriers, the 



WO 99/41871 PCT/US99/02838 

13 

pulse amplitude modulation having a duration that is longer than the pulse width of the constofctive- 
interference pu be. / 

7. The method of communication recited in claim 1 wherein the step of providing modulation of the 
carrier signals comprises pulse amplitude modulation being applied to a plurality ofthe carriers, the 
pulse amplitude modulation having a duration that is shorter than the period of the'constroctive- 
interference pulse. / 

8. The method of communication recited in claim 1 wherein the step of providing for the generation of a 
plurality of electromagnetic carrier signals includes tapering the frequency-versus-amplitude window 
ofthe carrier signals to reduce time-domain side-lobe energy of the constructive-interference pulse. 

9. The method of communication recited in claim 1 wherein the step of providing for reception ofthe 
CIMA transmit signals includes the step of providing a nun^er of predetermined delays to each 
received carrier signal before comfmnfrg to produce the constructive-interference pulse where the 
number of predetermined delays/is equal to the numberyof different phase spaces in which the 
received CIMA transmit signal is sampled. 

10. The method of communication recited in'claim l^wherein the step of providing modulation ofthe 
carrier signals by an infonnationWgnal^^er^rnied in a specific time interval relative to the phase of 
the carriers such that the i^ultin^m^aulated carriers occupy one or more nonzero-phase spaces and 
do not combine constructively in zercHphase space to produce a pulse. 

1 1 . The method of communication recited in claim 1 wherein the step of providing for reception ofthe 
CIMA transmit signals includes compensating for the relative phases of the carriers in at least one of 
the nonzero-phase spaces in order tc^ombine the carrier signals in phase. 

12. The method of communication recited in claim 9 wherein multi-user interference is sampled in the 
different phase spaces aiwi then weighted and combined with an intended user signal to cancel 
contributions of the multi-user interference to the intended user signal. 

13. The method of coimnunication recited in claim 1 wherein the step of providing for the generation of a 
plurality of electromagnetic carrier signals is performed by a frequency-shifted feedback cavity. 

14. The method^F communication recited in claim 1 wherein the step of providing for reception ofthe 

/ 

CIMA transmit signals is performed by a frequency-shifted feedback cavity. 

/ 

15. The method of communication recited in claim 1 wherein the communications channel is a 

/ 

waveguide. 

16. The method of communication recited in claim 15 wherein the electromagnetic carrier signals are 
optical signals and the waveguide is an optical fiber. 

(l. The method of communication recited in claim 15 wherein the steps of providing for the generation 
of a plurality of electromagnetic carrier signals and providing a relative phase to the carriers to 
produce a predefined phase relationship are performed to match the relative phases between the 
carriers to the chromatic dispersion profile of the carriers in the waveguide such that the dispersion 
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causes the carrier phases to have a predetermined phase relationship after propagating a 
predetermined distance in the waveguide. 

18. The method of communication recited in claim 1 wherein the step of providing for transmission of the 
modulated, phased carrier signals includes transmitting the carriers from a transmitter array wherein 
each carrier for a particular user is transmitted from a separate transmitter element of the array and an 
array beam pattern is generated from the superposition of transmitted carriers from each of the 
transmitter elements. / 

19. The method of communication recited in claim 18 wherein^a separation between the transmitter 

elements is selected with respect to the carrier frequency 'separation to control the shape of the array 

/ 

beam pattern and the period in which the array beanvpattern scans. 

20. The method of communicationj^cited in claim l^wherein the step of providing a relative phase to the 
carriers results in a train of pulses in the time domain and the step of providing modulation of the 
carrier signals results in modulating each of the pulses with a direct sequence chip such that the 
modulated train of pulses is a dire^seqjuOTce code. 

21. The method of communication AScited in claim 20 wherein the direct-sequence chip is the product of 
an information signal and a chip of/a pseudo-random CDMA spreading code. 

22. The method of communication rented ii/claim 1 wherein the step of providing for reception of the 
CIMA transmit signals includes m^ti^user detection in which user signals from an intended user and 
at least one interfering userare recced where the interfering user signals are weighted and combined 
with the intended user's/sfgnal to cancel the interfering user signals to the intended user's signals. 

23. The method of communication recited in claim 1 wherein the step of providing a relative phase to the 
carriers to produced predefined phase relationship at a predetermined time results in at least two 
received constructive- interference pulses that overlap in time, 

24. The method of communication recited in claim 1 wherein the step of providing a relative phase to the 
carriers ta produce a predefined phase relationship at a predetermined time includes a decision step 
that allows for at least two received constructive- interference pulses to overlap in time when the 
number of users or channel usage increases beyond a predetermined limit. 

25. Themethod of communication recited in claim 24 wherein the decision step includes a step of 
identifying the users and assigning a priority to each user that is used to determine which user signals 
are be selected to overlap in time. 

26. The method of communication recited in claim 1 wherein the carrier frequencies for each user are 
separated by an amount that is equal to or greater than the coherence bandwidth of the 
communication channel. 

27. A carrier-interference multiple-access (CIMA) communication system for providing communication 
between at least one transmitter and one receiver comprising: 
• a CIMA transmitter comprising: 
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- a multicarrier generator for generating a plurality of electromagnetic carrier sigjfels for use by 
at least one user where the carrier signals are incrementally separated in freqi 

- a delay controller to cause a predefined phase relationship between the carriers at a 
predetermined time, 

- a carrier modulator to modulate the carrier signals with an information signal, and 

- an output coupler for coupling the modulated, phased carrier simals into a communications 
channel to produce CIMA transmit signals having (^ier-signal components 

• a CIMA receiver for receiving the CIMA transmit signals fropfthe channel, providing a 

predetermined delay to each of the carrier signal component and combining the carrier-signal 
components in phase to produce^least one coirstractiv/interference pulse that is indicative of 

the information signal. j \ / 

28. The CIMA communication systeni claimed in Claim27 wherein the CIMA receiver samples within at 
least one predetermined time interval to rweiveajj/feist one pulse in zero-phase space. 

29. The CIMA communication systenAla wL^^21 wherein the CIMA receiver samples a user 
signal in a plurality of phase spacesN^Werent timl and combines the samples in a signal estimator 
that estimates the information signal. %. / / 

30. The CIMA communication system clajfted in Claim 27 wherein the CIMA receiver is a multi-user 
detector that samples one or more m^Lin^er signals that interfere with an intended user's signal, 
weights the sampled interfering ^signals, fyfi combines the sampled interfering signals with the 
intended user's signal to cancel/multi-user interference. 

31. The CIMA communication ^ystem claimed in Claim 27 wherein the multicarrier generator is a 
frequency-shifted feedback cavity. 

32. The CIMA communication system claimed in Claim 27 wherein the communications channel is a 

waveguide. / 

33. The CIMA communication system claimed in Claim 27 wherein the output coupler is an array of 
transmitters. / 

34. The CIMA communication system claimed in Claim 33 wherein each element of the array transmits a 
separate carrier signal for each user, thereby creating a time-dependent beam pattern for each user, 
and the rtiulticarrier generator controls the frequency separation of the carriers to control the scan rate 
of eacn beam pattern. 

35. TheXIMA communication system claimed in Claim 27 wherein the carrier signals are non-uniformly 
Separated in frequency. 

36f The CIMA communication system claimed in Claim 27 wherein one or more functions of at least one 
' of the transmitter and the receiver are performed by digital signal processing. 
37. The CIMA communication system claimed in Claim 27 wherein the receiver provides gain 
adjustment to at least one of the carrier signal components to compensate for flat fading. 




WO 99/41871 



PCT/US99/02838 



16 



38. 



39. 




ator provides a 



5 40. 



41. 



10 



The CIMA communication system claimed in Claim 27 wherein the multicarrier ge 
tapered amplitude to the carriers to reduce sidelobes. 

The CIMA communication system claimed in Claim 27 wherein the camer^modulator applies pulse- 
amplitude modulation to the carrier signals. 

The CIMA communication system claimed in Claim 39 wherein the pulso-amplitude modulation is 
applied in a predetermined time int^vahrelative to thephases of the carriers to produce one or more 
CIMA transmit signals that occupy lone or more nonzero phase spaces and do not combine 
constructively in zero-phase space. 

The CIMA communication system clauried in^laim 40 wherein the communications channel is a 
waveguide and the frequency separation and the relative phases of the carriers within a pulses 
amplitude modulated envelop^are Jelwted to match the chromatic dispersion of the waveguide for 
causing a predetermined / phase relationship between the carriers to occur after propagating a 
predetermined distance in the waveguide. 
42. The CIMA^mmunication system claimed in Claim 27 wherein the receiver is a frequency-shifted 
feedbacfc'Cavity. 

The^IMA communication system claimed in Claim 27 wherein the multicarrier generator provides a 
redetermined amplitude to each carrier signal to generate a train of pulses having a direct-sequence 
modulation. 




